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Intravenous immunoglobulin
==========================

Furusho et al.[@B1] first administered high-dose intravenous immunoglobulin (IVIG) to patients with Kawasaki disease (KD) in the early 1980s. This trial was inspired by the report that high-dose IVIG therapy was very effective for idiopathic thrombocytopenic purpura[@B2] and that its potential mechanism of action was immunomodulation. At that time, Furusho et al.[@B1] suggested that high-dose IVIG had an anti-inflammatory effect in KD to prevent coronary aneurysm (CAA) formation. To date, there have been several hypotheses but little concrete data on the mechanism of action of IVIG in KD. IVIG could interact with many different parts of the immune and vascular systems to downregulate inflammation. Possible interactions of IVIG with elements of the immune system include those with macrophages/monocytes, dendritic cells (DCs), antibodies, T cells, neutrophils, and natural killer (NK) cells.[@B3][@B4][@B5][@B6] The changes following IVIG administration in patients with KD have largely been explained, although detailed mechanisms of action are lacking. These changes include a reduction in the levels of cytokines and chemokines; decreased numbers of circulating cluster of differentiation (CD) 14^+^ monocyte/macrophages, neutrophils and activated T cells; increased numbers of circulating NK cells; and changes in lymphocyte subsets.[@B3]

Mechanisms of action of intravenous immunoglobulin
==================================================

Both the fragment, crystallizable (Fc) and fragment, antigen-binding (Fab\') portions of the immunoglobulin G (IgG) molecule play important roles in this process. The finding that patients who develop CAA fail to expand the Fc-specific natural regulatory T cell (nTreg) population suggests an important role of nTreg in modulating tissue-level inflammation.[@B7] In contrast, a rapid reduction in clinical signs of inflammation is more likely due to the Fab\'-mediated effects of anti-cytokine, anti-idiotype and possibly anti-toxin or anti-causative agent antibodies, but the exact mechanisms have not yet been determined. Clinical trials have revealed that an Fc-enriched IVIG preparation is as efficacious as intact IVIG, while a pepsin-treated IVIG enriched for Fab\' fragments was not effective at preventing CAA.[@B8][@B9] Therefore, at least some of the beneficial effects of IVIG are likely mediated via Fc. The function of Fc following IVIG administration is related to the induction of immune regulation in KD via two mechanisms: stimulation of an immature myeloid population of DCs that secretes IL-10, which leads to the expansion of induced regulatory T cells (Tregs);[@B10] and stimulation of an antigen-specific-nTreg population that recognizes the Fc of IgG.[@B7] There is also an association between the development of CAA in patients with KD and failure to expand Fc-specific Tregs after IVIG.

Incomplete Kawasaki disease
===========================

The definition of incomplete Kawasaki disease (iKD) is the presence of two or three principal clinical features of KD in addition to fever when other possible causes of fever have been excluded. The reported worldwide prevalence of iKD has increased from 15% to 47% since the publication of the 2004 American Heart Association guidelines.[@B11] Japanese scoring systems are quite useful for the early detection of IVIG-resistance in patients with complete Kawasaki disease (cKD), but they have limitations in predicting resistance to IVIG because of their low sensitivity.[@B12][@B13][@B14]

Resistance to intravenous immunoglobulin
========================================

Many putative factors affect IVIG-resistance as a treatment modality. Chang et al.[@B15] reported that FcγRIIA (Fc gamma receptor II A)/FcγRIIB expression is elevated in KD patients with IVIG resistance and coronary artery lesions, while FcγRIIA is a valuable marker for predicting the treatment outcome of KD. Since the early 2000s, N-terminal B type natriuretic peptide has been used for the early detection of patients with iKD and IVIG resistance.[@B16] Other factors involved in IVIG resistance are a high neutrophil count, high C-reactive protein, low hemoglobin, low albumin levels, high aspartate and alanine aminotransferase levels,[@B17] low sodium levels,[@B18] high total bilirubin levels,[@B19] and high gamma-glutamyl transferase[@B20] and Tenascin-C levels.[@B21]

The safety of high-dose intravenous immunoglobulin
==================================================

High-dose IVIG infusion has several adverse effects that can be classified according to their severity.[@B22] Common and mild side effects[@B23][@B24][@B25] include hypertension, headache, malaise, nausea, low-grade fever and chills, urticaria, arthralgias, and myalgia. These symptoms typically resolve within several days after onset. Rare and serious side effects[@B23][@B24][@B25] include immunoglobulin A deficiency-related anaphylactic reactions, aseptic meningitis, acute renal failure, stroke, myocardial infarction, and thrombotic complications. A thorough medical evaluation must be performed for every KD patient being evaluated for high-dose IVIG therapy. Careful, constant and close monitoring by trained personnel during the infusion can also result in the early detection of adverse events. Finally, high-dose IVIG treatment is safe when administered at a slow infusion rate in well-hydrated KD patients.

Modern intravenous immunoglobulin
=================================

Recently, new trends in the production methods for better quality IVIG have been developed,[@B26] which could improve the purification and safety of IVIG for patients with KD. IVIG-SN[@B27] is a modern IVIG that has been subjected to multiple pathogen elimination steps. It is produced by Cohn-Oncley fractionization[@B28] and diethylaminoethyl cellulose-sepharose chromatography.[@B29] Nanofiltration and treatment with both cold ethanol and solvent detergent are used to remove and inactivate viruses. The product contains substantial levels of anti-HBsAg, anti-measles, anti-diphtheria, and anti-polio antibodies.

Comments
========

There are several limitations to the study by Yoon et al.[@B30] First, they did not enroll all cKD patients at their institution, so an unknown selection bias might have existed. Thus, they should include the entire cKD population in a larger future study. Second, the number of IVIG non-responders with iKD was too small to assess statistical significance. A larger sample population will be needed to obtain significant results. Third, the establishment of strict exclusion criteria for iKD is essential to produce valuable results. Accordingly, comprehensive laboratory tests should be ordered. Last, there was no description of "IVIG-SN;" they could have introduced this new IVIG product.

Despite these limitations, this is the first multicenter and clinically important study to compare predictors of IVIG resistance in both iKD and cKD groups in Korea. Other studies of the predictors of IVIG resistance have focused only on patients with cKD[@B11][@B31] or iKD,[@B32] respectively. Those studies also found that an elevated percentage of segmented neutrophils was of value for predicting IVIG resistance in patients with iKD, supporting leukocytosis as a characteristic finding during the acute phase of KD, especially the dominance of polymorphonuclear leukocytes.[@B33]

There are some arguments for using high-dose versus medium-dose IVIG for the treatment of patients with KD, especially when a second dose of IVIG is needed for patients with IVIG-resistant KD.

Conclusion
==========

In conclusion, IVIG is the best treatment for KD along with aspirin. We still do not know the exact mechanism of action of IVIG. IVIG has a few side effects, although most of them are not serious because the immunological status of patients with KD is typically evaluated before they begin treatment. IVIG is initially infused very slowly, and then the infusion rate is gradually increased while carefully monitoring the patient\'s vital signs Finally, even though there are several biomarkers for detecting iKD, it is difficult for pediatricians to diagnose iKD. Therefore, close clinical observation and a supportive laboratory workup are the keys to early treatment of iKD and prevention of coronary artery complications.
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